There is a need for new antimicrobial drugs due to the continuous development of resistance. Natural antimicrobials are of utmost importance due to safety issue and availability. The antifungal activity of four essential oils (Mentha piperta, Thymus vulgaris, Cymbopogon citratus, and Oreganum majoranum oils) against locally isolated Microsporum canis was determined by disc diffusion method and minimum inhibitory concentration was determined using broth dilution method. Mentha piperta oil showed the highest antifungal activity among tested oils in this study. The total inhibition attached when 0.046% was used with M. piperta, the total inhibition obtained with the 0.133% of C. citratus oil, which is accounted as the second essential oils, also T. vulgaris and O. majoranum oils achieved reductions at 0.133%. The present work has revealed that all oils have been used in low concentrations and produced promising results in comparison to the positive control (Clotrimazole).
Introduction
The medicinal plants are reliable sources for the treatment of many health problems. Man has depended a lot on herbs in the past, and even at present the use of plants as medicine is popular. For future health challenges, plants are reasonably prepared to serve man. The only need is to develop the isolation and purification techniques. The medicinal value of plants is due to the phytochemical constituents they produce, which exhibit certain physiological actions on human body [1] . Majority of phytochemicals have been known to have valuable therapeutic activities like insecticidal, antifungal, antibacterial, anticonstipative and spasmolytic effect [2] - [4] .
The dermatophytes are a group of closely related fungi that have the ability to invade the stratum corneum of the epidermis and keratinized tissues derived from it, such as skin, nail, and hair of humans and animals [5] . Tinea capitis (scalp ringworm) is a highly communicable infection of the scalp and hair caused by dermatophyte fungi. It occurs in all age groups, but predominately children. It is endemic in some of the poorest countries [6] . Microsporum canis is a dermatophyte, which causes ringworm of the scalp and skin in children and has been occasionally reported as the cause of nail infection [7] .
Nowadays, multiple drug resistance has been developing due to the indiscriminate use of commercial antimicrobial drugs used in the treatment of infectious diseases [1] . There is a constant need for new and effective therapeutic agents; therefore, there is a need to develop alternative antimicrobial drugs for the treatment of infectious diseases from medicinal plants or others sources [8] [9] .
Reports are available on the use of several plant byproducts, which possesses antimicrobial properties on several pathogenic bacteria and fungi [10] . Therefore, researchers are increasingly turning their attention to herbal medicines looking for new leads to develop better drugs against microbial infections. All these facts shows that plant based antimicrobial agents possess vast untapped sources for drugs and have enormous therapeutic potential [11] .
The aim of this work is to examine the antifungal activity of Mentha piperta, Oreganum majoranum, Cymbopogon citratus and Thymus vulgaris oils against clinical isolates of Microsporum canis.
Materials and Methods

Materials
Sigma Company kindly provided the four investigated oils ( Table 1) . Mentha piperta, Oreganum majoranum, Cymbopogon citratus and Thymus vulgaris oils were send from the department of microbiology of Pamplona University in Spain (The oils in study were European Pharmacopeia grade).
Methods
Samples Selection
M. canis was isolated from clinically diagnosed children came to primary health centers of North Gaza district (Jabalia clinic in north Gaza Strip). Isolation was done before any local or systemic antifungal treatment. Identification of the isolate was accomplished at Microbiology laboratory at Biology Department, Al-Azhar University-Gaza.
Antifungal Activity of Tested Essential Oils
1) Screening methods Disc diffusion method
The isolated pathogenic fungi Microsporum canis were tested by the disc diffusion method [12] , in the appropriate culture medium (Sabouraud's dextrose agar).
2) Determination of minimum inhibitory concentration
The most potent essential oil of the study was determined. Different concentration of this oil (Mentha piperta) in the range of concentration of efficacy and incubation for 8 days determined the minimum inhibitory concentration of this oil using broth dilution method Table 1 . List of essential oils used in the antifungal assay.
Scientific name Names of oil Family
Mentha piperta
Mentha oil Labiateae
Oreganum majoranum
Oreganum oil Labiateae
Cymbopogon citratus
Lemon grass oil Poaceae
Thymus vulgaris
Thyme oil Labiateae
3) Determination of lethal and sub lethal concentration
Determination of lethal and sub lethal concentration of Mentha piperta essential oil was done by determination of mycelial weight after mixing different concentrations of oil to the media used for dermatophyte growth.
Flasks containing mycelia were filtered through pre weighed Whitman filter No. 1 and were then washed with distilled water. The mycelia were placed on pre weighed Petri plates and were allowed to dry at 50˚C for 6 h and then at 40˚C overnight. The net dry weight of mycelia was then determined [13] . Determination of mycelial weight after application of oils determines lethal (weight of disc only before incubation), sub lethal (weight of disc plus 10% increase in original weight), and other percentage of growth inhibition for different concentrations. Clotrimazole was used as positive control at the same concentration as the tested oils.
Results and Discussion
Antifungal Activity of Essential Oils
The antifungal activities of essential oils of Mentha piperta, Cymbopogon citratus, Oreganum majoranum, and Thymus vulgaris against M. canis were determined by the disc diffusion and microdilution broth methods. Determination of the minimum inhibitory concentration of the essential oils is required to avoid the caustic effects of essential oils due to their lipophilic character [14] .
Screening Method The disc diffusion method
Colony diameter of M. canis without applying oil was 50.3 mm in the petri plates (negative control) ( Figure  1 ). As shown in Table 2 , results revealed that the essential oils in the study had strong antifungal activity, because all oils in concentration of 40 μl/20 ml (0.2%) completely prevented the growth of tested clinical M. canis isolates. Moreover, our results revealed that M. piperta oil had the strongest antidermatophytic activity even at concentration of 15 μl/20 ml (0.075%), where it prevented the growth not entirely but with high reduction of colony diameter (5 mm), nearly reduced 90% of zone of growth as shown in (Figure 2 ), while at concentration of 20 μl/20 ml (0.1%) of C. citratus, O. magoranum, and T. vulgaris oils, the mycelium growth diameter were 10.7, 1.23, and 1.28 mm respectively.
The results also showed that the Mentha piperta oil at concentration of (0.1%) completely inhibited the growth of M. canis. These findings indicated that the required dose of the essential oils in this study to inhibit the growth of clinical M. canis isolates was very low and the dose of M. piperta oil was almost half of the other oils tested in this study. As in another studies, O. majoranum, C. citratus, and T. vulgaris were of the best broad-spectrum candidates for inhibition of food-borne pathogens and spoilage organisms. C. citratus and T. vulgaris were all clearly inhibitory towards the fungi [15] [16] , Mentha piperta oil shown high antifungal activity against clinical M. canis isolates. The present work revealed that the concentration of oil was the most important factor, positively correlated with growth inhibition of fungi. Maximum inhibition growth obtained during the 8th day. Clotrimazole used as a positive control was prepared at concentration of (0.075%) in all experiments. Table 3 showed that the high percentage of zone of inhibition of M. piperta oil at concentration of 0.075% produced 90% growth inhibition, while C. citratus at the same concentration produced 75.75% growth inhibition; moreover, O. magoranum and T. vulgaris produced 72.4% and 71.2% growth inhibition of tested organisms respectively.
The present work concluded that at only 0.1% concentration of the M. piperta oil, it produced 100% effect of growth inhibition, but in 0.2% concentration, all oils used in the study produced total inhibition 100%. Consequently, these results indicated the highly powerful of M. piperta as antidermatophytic agent among tested oils. Also all tested oils showed a significant antidermatophytic activity in comparison to Clotrimazole.
Minimum Inhibitory Concentration Microdilution broth method
The antifungal activities of M. piperta, C. citratus, O. majoranum and T. vulgaris essential oils on M. canis were determined in Table 4 and Table 5 respectively, tables showed that M. piperta oil had stronger inhibitory effect than the other three oils (T. vulgaris, C. citratus, and O. majoranum oils) in concentrations of 1 μl, 5 μl, 10 μl, 15 μl, 20 μl, 40 μl per 30 ml broth media until 8th days of incubation. M. piperta oil at 5 μl/30 ml (0.0167%) reduced fungal growth to (22.21%) of colony weight while C. citratus, T. vulgaris and O. majoranum oils at the same concentration reduced fungal growth to 67.68%, 67.17%, 68.68% of colony weight respectively; thus, provided the highest degree of growth inhibition of M. canis.
While the total inhibition attached when 0.046% was used with M. piperta, the total inhibition obtained with the 0.133% of C. citratus oil, which is accounted as the second essential oils, also T. vulgaris and O. majoranum oils achieved reductions at 0.133%. As shown in Table 4 , T. vulgaris appeared the least potent inhibitor, although both reduction values were higher than those achieved with Clotrimazole as positive control. The present work showed 0.066% of the oils/disc per Petri plate, M. piperta oil showed the strongest inhibitory effect, there are some reports stating that mentha species exhibit antifungal activity [17] . Terpinene, isomenthone, transcarveol, pipertitinone oxide, and caryophyllene isolated from M. piperita showed in vitro activity against Candida albicans and Escherichia coli [18] . Menthol has been reported to be responsible for antimicrobial property of M. piperita [19] . The essential oil of M. piperita possesses menthol and 1.8 cineole as main components, which also exhibited very good antifungal properties but lower than carvone [20] .
The present study used two growth controls, when the positive control showed adequate growth (8 days for M. canis), the initial results were recorded in relation to the growth present in the control flasks. Final results were recorded after 8 days.
Lethal and Sub Lethal Concentration
According to T-test, the differences among all oils themselves are significant except the difference between T. vulgaris and O. magoranum. However, all tested oils showed significant difference in comparison to the positive control, because oils contain different constituents having different antimicrobial activities.
The antifungal activities of the essential oils of M. piperta, C. citratus, T. vulgaris and O. magoranum, on the isolated M. canis were shown in Table 4 and Table 5 . With M. piperta, colony growth was completely inhibited (0% wt. of growing colony) at concentration of 0.066% (the least concentration produced complete inhibition among studied oils). C. citratus oil at concentration of 0.066% reduced mycelium growth significantly (13% weight of growing colony), whereas total inhibition being achieved with 0.133% of oil concentration. T. vulgaris oil reduced fungal growth when used at 0.0167%, although the total inhibition was only achieved when 0.133% oil concentration was used.
The total inhibition was also obtained with the 0.133% concentration of O. majoranum oil (no increase of wt of disc), while the 0.0167% and 0.033% concentrations achieved lower reductions, although both reduction values were higher than those achieved with T. vulgaris oil. Only T. vulgaris and O. majoranum showed at the 0.0167% equal reduction of colony growth of M. canis. Table 5 showed that T. vulgaris oil appeared to has good antifungal activity started from concentration of 0.0167% even reached the MIC of T. vulgaris oil for isolated M. canis in concentration of 0.133%. MIC was defined as the lowest concentration, which did not result in any visible growth of the dermatophyte compared with the growth in the control plate [21] [22] . In agreement with earlier publications [23] , essential oil of T. vulgaris showed very strong antifungal activity at low concentrations of 0.05 -1.0 μl/ml.
The next essential oil in order of its power to inhibit M. canis growth was C. citratus. However, T. vulgaris was the third oil in inhibition of growth while the poorest inhibitor was O. majoranum oil. Table 5 shows the values of percent growth reductions of M. piperta oil, with considerable reduction at concentration 10 μl. M. piperta oil was applied in concentration of 10 μl/30 ml (0.033%), 11 μl/30 ml (0.036%), 12 μl/30 ml (0.04%), 13 μl/30 ml (0.043%), 14 μl/30 ml (0.047%), 15 μl/30 ml (0.5%) and 16 μl/30 ml (0.053%), to determine accurately MIC of M. piperta oil. The weight of disc of freshly colony of clinical M. canis isolates was 198 mg before incubation in the control and the tested samples. Table 6 clarified that (0.053%) was the minimum inhibitory concentration of M. piperta oil without increase in wt of disc (lethal concentration), and (0.047%) was the sub lethal concentration of oil with 10% increased in wt of disc.
Ketones, aldehydes, and alcohols showed activity but with differing specificity and levels of activity, which is in connection with the functional groups present but also associated with hydrogen-binding parameters in all cases. From our results, it can be seen that MICs is generally lower for all the essential oils and components investigated in disc diffusion method. The low water solubility of the oil and its components limit their diffusion through the agar medium. Only the more water-soluble components, such as carvone or 1.8-cineole diffuse into the agar. The hydrocarbon components either remain on the surface of the medium or evaporate that could be the reason for better results obtained by the broth dilution method [20] . Broth method, carried out in Erlenmeyer flasks, has the advantage of lower workloads for a larger number of replicates and the use of small volumes of the test substance and growth medium. In this method dilution of the oil is better and there is no agar in the medium, which both enable better diffusion through the liquid medium [23] .
Another research [24] reported that, the C. citratus oil reduced the colony development of T. harzianum, Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger, Aspergillus alternata, Penicillium citrinum, and Curvularia lunata. Moreover, 0.13% of C. citratus oil employed revealed complete (100%) inhibition on the growth of clinical M. canis isolates. The antifungal activity of C. citratus oil believed to be associated with phytochemical components such as alkaloids, tannins, and cardiac glycoside. Essential oils and related substances act to make the cell membrane of the fungus permeable, causing leakage of the cytoplasmic constituents and consequently can kill the fungal cell [25] .
The present results confirm the antifungal activity of C. citratus oil and it was also superior to Clotrimazole as positive control in the same concentration. Geranial and citral isomers should probably account for the antifungal activity of C. citratus oil [26] . O. majoranum oil has been reported to have some promising effect on rats infected with a human dermatophytic fungus, Trichophyton rubrum [2] . O. majoranum oil effectively inhibits in vitro growth of C. albicans. In addition, they have shown that O. majoranum oil directly inhibits germination and filament formation (the two phases required for tissue invasion) by C. albicans [27] .
These observations suggest that the physical and chemical properties (solubility and volatility) can have considerable effect on in vitro antimicrobial activity, but it must be pointed out that the intrinsic activity of a compound is of paramount importance for the evaluation of its efficacy. In this context, the essential oil containing aldehyde or phenol was reported to exhibit a high inhibitory effect, followed by those containing alcohol, ketone and ether [16] [28] . Hence, it is not surprising that T. vulgaris oil proved to be the overall best inhibitors because of phenolic thymol and eugenol as the major contributors to their bioactivity. Although thymol possesses moderate solubility and low volatility, their vapors have been reported to accumulate in great amounts into agar layers [28] .
However, more data will be necessary either to confirm this good in vitro efficacy or to explain the essential oils mechanisms of action. Further studies are required to study the effect and toxicity of these compounds in experimental animals (in vivo) and to establish if they could be safely used as antifungal agents against these fungi. Some essential oils are effective against Scop. brevicaulis and Fus. oxysporum which are often resistant to available antifungal agents, open important perspectives in alternative antifungal therapies.
The extensively used method is agar diffusion [29] - [31] and broth dilution [32] [33] . Unfortunately, results obtained by the different methods using the same oils do not always comparable [34] . Solubility and diffusion rates of the oil compounds in the aqueous agar media are of paramount importance, and can lead to misinterpretations in diffusion tests. Emulsifying agents (Tween 80) are added to ensure uniform mixing in dilution tests [35] .
Growth or absence of growth was monitored visually on the second and fourth day after inoculation. Colony diameter was measured on the seventh day and, if no growth had occurred, on day fourteen, the results considered negative. In vitro testing can help to determine the activities of new drugs and to find the right therapy. However, at present there are no in vitro reference methods for dermatophytes. Data on the use of the disc diffusion method for testing dermatophytes are limited [36] [37] . For example, in the case of itraconazole the influence of the culture medium was observed only for Microsporum canis and Trichophyton mentagrophytes [36] .
The free OH group of phenol and alcohol might be a key to the antimicrobial activity. It has been observed that the oil acts not only as a fungicidal agent but also inhibits sporulation of the pathogens [20] .
Conclusion and Recommendations
Some of the tested essential oils in this study were found to be effective against M. canis which are often resistant to available antifungal agents. This opens an important frontier in alternative antifungal therapies. The most effective essential oil as antidermatophytic agent against M. canis was the M. piperta oil with very low MIC and superior to synthetic fungicides such as Clotrimazole.
Further studies should be done to investigate the in vivo activity of the M. piperta oil as antidermatophytic agent (for treatment of dermatophytosis) due to its in vitro potent effect.
